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Results for actual-waste testing with MST and a 0.1-micron rotary filter showed 0 to 100% improvement in filter flux compared to prior tests using a 0.5-micron cross-flow filter. Filtration rates using permanganate showed little improvement in filtration rate using the 0.1-micron rotary filter as compared to the 0.5-micron Mott cross-flow filter. Analysis of the data as a function of time and post-test investigation suggests the 0.1-micron filter disk deteriorated over the course of the experiments. We believe the flow path created by the permeate carrier became successively constricted during the experiments causing a continual decline in performance. Hence, these experiments resulted in a low bias for the performance of the equipment.
We modified the design of the permeate carrier for the 0.5-micron rotary filter. Testing with the 0.5-micron rotary filter gave an increase in filtration rate of 6 to 10 times over the 0.5-micron cross-flow filter for feed slurries treated with both MST and sodium permanganate. A significantly higher flux rate occurred for the 0.5-micron rotary filter versus the 0.1-micron rotary filter.
MST treatment followed by rotary filtration resulted in a strontium decontamination factor (DF) of 3 to 5, but a strontium-90 activity above the design-specification value of 111,000 dpm/mL. We identified several potential contributors for the failure to meet the design specification for strontium-90; including lack of equilibration, filter breakthrough, MST batch variability, MST particle attrition and sludge attrition. We believe the most likely contributor to the failure to meet the design specification for Sr removal involved sludge attrition releasing additional strontium.
We recommend additional studies related to the potential for sheared sludge to release strontium (and actinides) after treatment with MST. Should later testing confirm this phenomenon, design modifications may prove necessary to mitigate the processing risk.
For the treatment with MST, we measured a plutonium DF of 3 to 6 even though the initial plutonium concentration met the design specification. The DF for uranium equaled 0.7 to 2.0. The analysis for neptunium concentration in the feed showed a DF of 4 to 8 even with the initial concentration less than the design specification.
Introduction
The Department of Energy selected caustic-side solvent extraction (CSSX) as the preferred cesium-removal technology for SRS high-level waste. In the pretreatment step of the CSSX flowsheet, the incoming salt solution, which contains entrained sludge, is contacted with MST to adsorb strontium and selected actinides. An alternative approach replaces MST with the addition of sodium permanganate, strontium nitrate, and hydrogen peroxide. The pretreatment operation then filters the resulting slurry to remove the sludge and MST or manganese oxide and strontium carbonate solids. The filtrate receives further treatment in the solvent extraction system. Testing, with simulated waste using cross-flow filtration, performed by SRTC and the University of South Carolina showed relatively low filtration fluxes of 0.03 -0.08 gpm/ft 2 . 1, 2, 3, 4, 5, 6 Additional testing conducted with actual waste showed similar filtration rates. 7, 8 SRTC personnel coordinated tests using a SpinTek rotary microfilter at the vendor location in FY01. These tests demonstrated a significant improvement -2.5 to 6 times increase -in performance relative to the conventional cross-flow filter units. 9 Therefore, program management requested SRTC personnel to test the SpinTek rotary micro-filter with actual high-level waste samples. 10 We conducted filtration tests using a SpinTek model II-1 rotary microfilter located in the SRTC shielded cells. We modified the filter system to facilitate radioactive service in the cell. Testing used both simulated and actual waste. The simulated slurry contained a 5.6 M sodium average salt solution, simulated Tank 8F sludge and MST. The actual-waste feed for the tests consisted of SRS high-level waste supernate from Tank 37H, SRS high-level waste sludge from Tank 51H, strontium nitrate, sodium permanganate and MST. The tests used a composite supernate containing 5.6 M sodium. We prepared two slurries for the testing. The first slurry contained MST and sludge to achieve calculated insoluble solid concentrations of approximately 0.09, 1.29, and 4.5 wt %. The second slurry contained sufficient sodium permanganate and strontium nitrate to achieve calculated insoluble solids concentrations of 0.23, 3.28, and 11.7 wt %.
Rotary microfilter testing used a filter disk with nominal pore size of either 0.1-micron or 0.5-micron. The custom-made disks used sintered metal sheets from Mott Corporation as the filter media. The disks differed slightly in design of the permeate carrier, which facilitates flow of the product liquid. We measured filter flux and filter decontamination factor. For determining the decontamination factor, we collected samples of filtrate and feed during each test and analyzed the samples to evaluate solids and radionuclide removal.
Experimental

System Description
11, 12
The SpinTek ST-II is a compact filtration system that uses membrane filters mounted on rotating disks. The vendor states that the equipment can produce high filtrate flow rates with stable performance even when operating on slurries with high solids content. The vendor conducted tests for Los Alamos National Laboratory (LANL) with 10.5 -42 wt % titanium dioxide slurries. 12 The flux advantage of the rotary microfilter compared to other membrane processes results from the high shear and centrifugal force acting on the boundary layer next to the membrane. This shear greatly reduces fouling of the membrane surface and increases fluid flow through the membrane. Pressure is decoupled from the feed flow rate, allowing more control over the driving force pressure and independent control of the shear applied to the filter cake. This feature allows the direct application of shear force with a magnitude significantly greater than that available in conventional membrane systems. The membranes rotate at a tip speed of 60 ft/s, which effectively cleans and sweeps solids from the membrane surface with a stable filtrate throughput. For comparison, previous cross-flow filter testing used axial velocities ranging from 3 to 25 ft/s. [1] [2] [3] [4] [7] [8] The SpinTek rotary filter unit uses 11-inch diameter disks and typically operates with a rotational speed of 1170 rpm. February 2003 The SpinTek high shear rotary filter uses from 1 to 25 disks covered with filter sheet membranes. The disks are physically mounted and are hydraulically connected to a common hollow rotating shaft. The entire stack of membrane disks is enclosed within a vessel. The feed fluid enters the vessel and flows across the membrane surface, where permeate flows through the membrane and exits through the hollow shaft. The concentrated slurry is pumped from the chamber. Stationary surfaces, or turbulence promoters, oppose the rotating membrane disks, generating large fluid shear rates across the membrane surface. Volumetric hold up is approximately 0.9 gallons for a single disk unit, and up to 4 gallons for a 25 disk unit. Personnel may find this value useful in determining maximum loading during maintenance periods. Figure 1 illustrates the flow paths during filtration. 
PERMEATE
Illustration of SpinTek Rotary Filter with Three Filter Disks
The unit typically operates in a semi-batch mode with feed recirculated through the system and concentrated filtrate withdrawn. Eventually, the batch concentrates to a target insoluble solids level and the concentrated material is replaced with a new batch of feed.
We purchased the SpinTek ST-II for this testing as an off-the-shelf item and performed modifications for radioactive service. We modified the electrical, plumbing, and instrumentation systems. Modifications included the addition of calibrated manual pressure gauges for data collection as well as to aid in resolving potential system upsets. As testing started, we discovered the need to modify the prototype filter disk. To assure continued operation in the shielded-cells environment, we developed specialty tools and tested them before remote installation. These tools addressed both routine operation and remote disassembly of the equipment. The reader may consult the operating procedure for additional information on these tools. 
Testing Description
The system used for this testing contained a single filter disk with a filter membrane on each side. A positive displacement pump supplied feed. We piped the filtrate line to a graduated sight glass to allow for filtrate timings and to monitor filtrate flow. From the sight glass, the filtrate flowed back into the feed tank. By recycling the filtrate, we reduced the volume of feed sample required for testing. SpinTek defines the February 2003 transmembrane pressure as the pressure at the filter disk. They consider the pressure downstream of the filter to be atmospheric. Therefore, the transmembrane pressure essentially equals the feed pressure. To be consistent with previous testing with SpinTek units, we use this definition of the transmembrane pressure throughout the report. Reporting the transmembrane pressure in this manner is conservatively high, as the actual pressure across the filter disk would be slightly lower.
Testing used both simulated and actual waste. Simulant testing occurred in the SRTC shielded cells mockup area. As modifications for radioactive testing finished, we operated the system using a 5.6 M sodium simulant containing simulated sludge and MST. The first test used a slurry containing 0.09 wt % insoluble sludge solids (0.6 g/L) and MST (0.55 g/L). For the second test we increased both the MST and simulated sludge, maintaining a constant ratio of the sludge to MST solids, to obtain slurry with 1.29 wt % total insoluble solids. We performed tests using both a 0.1-and 0.5-micron rotary filter. Personnel recorded filtration rates and compared to previous testing using a 0.5-micron cross-flow filter 8 and data from vendor testing in 2001. 9 After testing, we cleaned the filter unit by feeding a 0.5 M oxalic acid solution and running the filter for approximately one hour. To rinse and buffer the system, we drained the acid solution and ran a 0.01 M sodium hydroxide solution.
Personnel installed the equipment in the shielded cells and tested it with actual waste consisting of Tank 37H supernate with Tank 51H sludge particles. Personnel split the prepared feed -see next section for details -into two portions for testing. The experiments used slurries treated with either MST or permanganate to reduce the amount of soluble actinides and strontium in the feed solution. The experimental design examined the performance of both 0.1-and 0.5-micron filter disks with slurries of three nominal concentrations. Table 1 shows the sequence of experiments. During operation, technicians collected samples of the filtrate for analysis. Between experiments, we flushed the filter and pumping system with 6 liters of water for a minimum of one-half hour. 
Feed Preparation
We obtained samples of SRS high-level-waste supernate from Tank 37H. 14 The Analytical Development Section analyzed a sample for elemental components using Inductively Coupled Plasma Emission Spectroscopy and for density. Table 2 contains the results of these analyses. Prior to filter testing, we diluted the Tank 37H supernate from 15 M to 5.6 M sodium using 1.6 M NaOH. February 2003 We also obtained an existing SRS high-level-waste sludge sample from Tank 51H. Table 3 shows prior elemental analyses of a sample after digestion with aqua regia. Personnel combined the 5.6 M Na + Tank 37H supernate and the Tank 51H sludge solids and sampled the slurry for analyses.
7, 15
Personnel filtered the samples with a 0.45-micron syringe filter and treated them with an equal volume of nitric acid and 0.5 g of ammonium molybdophosphate (AMP) to produce a solution of ~0.5 M nitric acid. The AMP adsorbed cesium, without removing plutonium or strontium, 16 allowing less dilution of the sample before removal from the Shielded Cells. Technicians filtered the treated aliquot using a 0.45-micron syringe filter to remove the AMP, and then submitted for analysis. We collected samples over time to ensure that the solids and supernate equilibrated prior to start of the experiments. Table 4 shows the actinide and strontium content of the composite supernate. We determined plutonium concentration by PuTTA and alpha counting, uranium and neptunium by ICP-MS, and the strontium by beta counting. February 2003 Personnel also collected an initial supernate sample, an initial slurry sample, and a 7-day filtrate sample. However, the treatment of these samples with AMP resin failed -due to incomplete acidification -yielding inconsistencies in the strontium and actinide data. We have omitted that data. The data from 14, 28, and 35 days after sludge addition show the soluble plutonium and strontium concentrations in the slurry reached equilibrium.
The strontium variance is approximately 30%, the plutonium variance is approximately 15%, the neptunium variance is approximately 16% and the uranium variance is approximately 40%. These variances are higher than variances seen by other researchers conducting similar experiments. 17 The large variations may result from slow equilibration of the sludge in the supernate. The amount of these materials in the sludge significantly exceeded the amount measured in the supernate.
After equilibration, we treated the first slurry with MST and the second using the permanganate treatment recipe.
18 Table 5 shows the target insoluble solids concentration planned for each test. 
34.94 g/L H2O2
9.12
We prepared the feed for the first test by taking a 12-liter sample of the 5.6 M supernate and adding 7.2 g of sludge (i.e., 0.6 g/L) and 6.6 g of MST (i.e., 0.55 g/L). Following the addition of MST, we mixed the feed slurry for 24 hours and collected a sample, which we filtered with a 0.45-micron syringe filter and prepared for analysis. Personnel then filtered the slurry through the SpinTek unit. The system initially operated at standard operating conditions with a transmembrane pressure of 40 psi and a rotor speed of 1170 rpm. We also obtained additional data points at transmembrane pressures of 30 psi and 50 psi. Following the first filtration test, we added an additional 94.188 g (i.e., total concentration 8.44 g/L) of dry sludge, 332.14 g (i.e., to 1.69 M total) of strontium nitrate, 251.15 g (i.e., to 1.91 M total) of sodium permanganate, and 80.4 g (i.e., to 2.54 M total) of hydrogen peroxide. During the addition of peroxide, we observed some foaming of the feed. After mixing the feed and testing for reaction completion, we processed the slurry through the rotary filter.
We increased the solids concentration again by adding 239.135 g of dry sludge (i.e., to 28.38 g/L), 911.71 g (i.e., to 0.5 M total) of strontium nitrate, 689.38 g (i.e., to 0.5 M total) of sodium permanganate, and 220.3 g (i.e., to 0.75 M total) of hydrogen peroxide. Technicians added an additional 112.5 g of hydrogen peroxide to complete the reaction. The additional amount proved necessary due to possible decomposition of the peroxide. To provide enough volume for the final addition of chemicals, we filtered approximately 3 liters of feed to a separate bottle prior to the addition of the sludge and chemicals. We reduced the addition rate of the peroxide to minimize foaming.
Throughout this report we refer to the insoluble solids feed concentration as the target values listed in Table  5 . Given the high uncertainty in the analytical method for determining total solids content, we believe the calculated values better reflect the slurry composition. Table 6 compares these results with testing done at the vendor 9 with SRS simulant using the 0.1-micron ceramic membrane rather than a stainless-steel membrane. The results show good agreement between the data sets. At the higher solids loadings, the vendor test produced a higher flux. It is unclear whether the differences in the flux rate are due to the difference in membrane material or insoluble solids loading. Following completion of the initial filtration experiments, we cleaned the 0.1-micron filter by rinsing the system with dilute oxalic acid (0.5 M) for approximately 10 minutes and then inhibited water for approximately one hour. The difference in the filtration rates for the 0.1-and 0.5-micron rotary filters are more pronounced than the filtration rates for the corresponding cross-flow filters. The prior tests with a cross-flow filter showed better flux for the 0.1-micron cross-flow filter as compared to the 0.5-micron cross-flow filter. 19 There are three possible explanations for the differences in flux between the 0.1-and 0.5-micron filters. First, for any filter, the resistance is primarily the sum of the resistance through the filter cake and the resistance of the filter itself. For the SpinTek configuration, the additional shear from the rotary action reduces the layer of solids on the filter. By reducing the cake of solids on the surface of the membrane, the flowpath resistance in the filter provides a larger contribution to the total resistance to filtration and, hence, we observe a large variation with pore-size. For the conventional cross-flow configuration, the cake properties play a larger role and the variance of flux with pore-size of the media appears less significant. The second possible explanation is that in prior experiments the authors tested the 0.5-micron filter before the 0.1-micron filter. The 0.5-micron filter likely removed the small particles from the feed. Therefore, the 0.1-micron filter processed a feed stream with fewer particles and the slurry proved easier to process. The third explanation is the possibility of a problem with the permeate carrier. After completing the simulant testing and cleaning the unit, we installed the 0.1-micron stainless steel filter disk. We installed the unit in the shielded cells and verified that the system operated using water. Figure 9 shows filtration rates for the 1.29 wt % slurry in comparison to that for the 0.09 wt % slurry. Although the overall insoluble solids content increased from 0.09 wt % to 1.29 wt %, the filtration rate remained unchanged. In fact; for the tests at the higher pressure, the filtration rate for the more concentrated slurry slightly exceeded that for the less concentrated slurry. This observation does not agree with expectations based on previous testing 9 
Results
Simulant
-Micron Filter Using Acutal Waste and MST at All Waste Loadings
Also, the actual waste filtration rates with the rotary microfilter proved lower than expected based on the earlier tests with simulated waste. Previous testing with cross-flow filters indicates that the actual waste typically had higher fluxes than the simulants. 7 As seen in Figure 11 , fluxes for simulant testing exceeded February 2003 those for the actual waste testing, particularly at the lower solids concentration. Additionally, we observed little variation in the filtration rates for the actual waste in contrast to that observed with the simulant testing where the increase in insoluble solids made a dramatic difference. Overall, filtration rates using the 0.1-micron rotary filter show an improvement over the cross-flow filter, which appears most pronounced at the higher solids content levels. However, these results proved lower than anticipated based on previous testing as well as the simulant runs from this study.
After the completion of the MST feed testing, we rinsed the unit with water. Filtration rates of the water with no added solids measured approximately 0.088gpm/ft 2 . This value agreed with the early MST filtration rates at the 0.09 wt % solids loading. This flux is lower than expected for typical rinse water flux. The rinse water did contain residual solids; therefore, at the time, we considered the values reasonable although lower than we expected from previous experience with the simulant testing.
Testing with the 0.1-micron filter disk continued to show deterioration. The fact that the rinse water provided the same flux as the first slurry provides evidence of the deterioration. This behavior resembles data from simulant testing when the flow decreased due to the constriction of the permeate carrier. The data suggests that the temporary modification of inserting a metal mesh over the plastic mesh had degraded during testing. This degradation likely occurred due to heat and radiation softening the plastic allowing it to fill in the gaps of the metal mesh and constricting the flow path.
We collected filtrate samples throughout testing and analyzed them for strontium and select actinides. Table 7 provides the results. The samples collected from the feed solution and filtered with the syringe filter met the design specification 20 for strontium, plutonium and neptunium. The filtrate samples from the SpinTek unit met the design specification for plutonium and neptunium, but did not for strontium. The strontium removal in the rotary microfilter test with sludge and MST did not meet process requirements. The authors identified five plausible reasons for the failure to meet the design specification for strontium-90: the feed did not equilibrate, filter breakthrough, MST batch variability, MST particle attrition, and sludge particle attrition.
Lack of feed equilibration is unlikely to be the dominant cause of the poor strontium removal observed. The feed equilibrated for 58 days prior to the MST strike. The syringe sample collected just prior to the start of the filter test and a few hours prior to the first filtrate sample met the design specification. The strontium-90 concentration in the feed slurry for the permanganate test, which equilibrated for 72 days, showed 25% higher concentration than in the MST test.
If filter breakthrough occurred, the filtrate samples would contain much higher concentrations of plutonium and neptunium. In addition, if significant breakthrough occurred; the filtrate would contain visible solids.
The filtrate samples appeared clear. February 2003
Bolder Scientific manufactured the MST batch used for this test. The mean particle size equaled 5 µ, with 1.7% of the particles less than 1 µ, and none of the particles greater than 22 µ. In qualification tests, the MST produced a strontium decontamination factor of 102. 21 The MST removed enough strontium to meet the process requirements in the syringe filtered samples. Batch variability is unlikely to account for the lack of adequate strontium removal observed in the rotary microfilter filtrate samples.
The high strontium concentration in the filtrate may be from MST particle attrition. Previous transmission electron microscopy (TEM) studies showed the strontium preferentially accumulates in the fibrous outer region of MST. 22 We do not know where the plutonium accumulates. If only the fibrous surface region of the MST fragments from the shearing and this region has high strontium loading but not high actinide loading, the strontium might pass through the filter as sorbed material on these MST fine particles, while the actinides remain principally with the inner region of the MST. This mechanism is unlikely to cause the high strontium concentrations observed in the filtrate. The strontium levels measured in the filtrate samples would require significant particle attrition and passage of particles through the filter. The filtrate appeared clear which is inconsistent with a large number of sheared particles passing through the filter disk.
The high strontium concentration in the filtrate may be from sludge particle attrition. The sludge particles contain a large source of strontium, likely present as strontium carbonate. Some of the strontium leached into the supernate while the feed equilibrated, but much of it remained "trapped" in the sludge. The feed recirculation pump and rotating filter disks produce greater shear than created by agitation within the batch contact tank, which can break apart the sludge particles. Particle size measurements from testing at pilot scale using simulated waste provide evidence of the attrition. 23 When the sludge particles break apart, they can release some of the strontium which is "trapped" into the supernate. The excess MST that is present will adsorb this strontium, but the sorption process is slow. Since the isotopic dilution and permanganate precipitation occur more rapidly, the strontium that released during that test precipitated or sorbed quickly, and passed through the filter at lower concentrations -see Table 8 .
0.1-Micron Disk with Permanganate
We performed testing with the permanganate feed solution described previously. During testing, several pumping problems arose that did not occur with the MST feed solution. At times during the testing, the pump output dropped under the target flow and pressure. We determined that the drop in pump performance resulted from plugging in the lines. Backflushing provided only a temporary fix. Due to these pumping difficulties, it proved necessary to replace both the pump outlet and pump suction lines.
Filtration of the permanganate-treated slurry with the 0.1-micron pore-size disk also produced significantly lower flux rates than expected. Figure 16 shows the filtration rates for the permanganate feed containing 0.23 wt % solids. TM disk as the base, or core, material. The design then includes a flow carrying mesh, termed the permeate carrier, mounted to the sides of the Ryton TM disk. The fabrication adds the sintered-metal filter sheet on the mesh with an epoxy bead joining the filter sheet to the Ryton TM plate. Figure 20 shows a cut-away sketch of a disk.
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Figure 20. SpinTek Filter Disk Construction
The vendor constructed the 0.1-micron filter disk using a polypropylene mesh. Early in testing with simulated waste, we found that this mesh would compress and deform under the load of tightening the filter shaft nut. This compression of the flow carrier restricted the flowpath of permeate. Variations in filtrate rate proved dramatic ranging from 1500 mL/min of filtrate to less than 50 mL/min, depending on the torque applied to the nut. To maintain a consistent filtrate flow path, SRTC researchers added shims to the filter disk. We initially used shims 10 mil in thickness. Flow rates increased significantly and appeared reproducible. We also tested 20 mil shims, but these showed no improvement in filtrate flows over the 10-mil shims. We held discussions with the vendor as to providing a permanent design modification for the disks. Collectively, we agreed to have the vendor insert a stainless steel mesh to maintain the flow path at the point of compression. The vendor constructed all future disks -including the 0.1-micron pore-size disks for pilot testing at the University of South Carolina and the 0.5-micron pore-size disks used in subsequent actual waste experiments -using the stainless mesh throughout the disk.
The steel mesh insert provided a consistent and reproducible filtrate rate during simulant testing. We believe that during operation at elevated temperatures and in the radiation fields, the original polypropylene mesh in the 0.1-micron pore-size disks softened and progressively blocked the flow paths through the stainless steel mesh insert.
After completion of the actual waste experiments with the 0.1-micron pore-size filter, we cleaned the filter system by running 6 liters of water for approximately 1 hour at a pressure of 40 psi. Water filtration rates measured approximately 0.088 gpm/ft 2 . Technicians then removed the filter disk and replaced it with a 0.5-micron pore-size filter disk. Figure 21 shows the condition of the 0.1-micron pore-size disk as the filter upon disassembly. The surface of the disk appeared generally clean with most solids visible toward the center of the disk. The solids appear as the darker areas on the disk surface in Figure 21 .
Personnel collected filtrate samples throughout testing and analyzed them to determine extent of alpha and strontium removal. Table 8 shows the analysis of the filtrate. Both the syringe filter samples and the SpinTek filtrate samples met the requirements for strontium, plutonium and neptunium. As observed for the MST samples, the SpinTek filtrate contained higher concentrations of strontium than the syringefiltered samples. The permanganate treatment proved more effective -in both efficiency and speed -at removing strontium than the MST. Also, the permanganate removed plutonium faster but with less efficiency. Nevertheless, the permanganate treatment met the design specification for the Salt Waste Processing Facility. We installed a 0.5-micron pore-size filter disk of the improved design. This disk contained the stainless steel permeate carrier mesh. We used this disk to filter the slurries containing the highest insoluble solids concentration of both the MST and permanganate-derived solids. Filtration rates proved significantly higher than the previous experiments, including the initial tests with simulated waste. Filtration rates remained high through several hours of testing. Figure 22 shows the filtration rates for the 0.5-micron pore-size rotary filter using the MST and permanganate slurries. After completing these experiments, we prepared the slurries for disposal by filtering as much supernate as possible to reduce waste volume. We used the 0.5-micron disk in the rotary filter. In contrast to the earlier experiments, which operated under total recycle of the filtrate, we operated the equipment in a feed concentration mode, separating the filtrate from the concentrate. We measured filtration rates by the rate of volume depletion for the feed tank. We filtered approximately 1 liter of supernate and recorded the filtration rate based on volume of the concentrated solution. We used this approach for both the MST and permanganate slurries starting with the most concentrated material. For the MST slurry, we removed approximately 8 liters of filtrate. We stopped filtering the permanganate slurry when the pump no longer functioned due to lack of feed. Tables 9 and 10 show the data for the MST-and permanganate-treated slurries, respectively. In both cases, the filtration rate remained well above the design target for the Salt Waste Processing Facility throughout the concentration range studied. This data suggests the possibility of concentrating the solids heel to a greater extent (>5 wt %) than current plans, thereby reducing the required frequency of washing the final concentrated liquid and increasing the overall throughput of the facility. 
Conclusions
In general, the rotary microfilter manufactured by SpinTek provided filtrate flows above those of the conventional cross-flow filter using the same filter media. However, inconsistencies in the filtrate rates occurred in early portions of the testing, which we attribute to a design limitation of the filter disks. We revised the design with a change of material and all subsequent data met or exceeded expectations of filtration flux rates.
The testing performed in this task agreed with previous testing using simulants, with results showing 2 to 6 times increase in filtration flux using the 0.1-micron SpinTek rotary filter over the 0.5-micron cross-flow filter under similar conditions. These results agree with previous testing using simulants performed by the vendor.
Results for actual waste testing with MST and a 0.1-micron rotary filter showed a modest improvement of filter flux, ranging from a 0 to 100% improvement compared to prior tests using a 0.5-micron cross-flow filter, with filtration rates ranging from 0.04 to 0.13 gpm/ft 2 . Filtration rates using permanganate showed little improvement in filtration rate using the rotary 0.1-micron filter as compared to the 0.5-micron crossflow filter. Filtration rates for the rotary filter ranged from 0.006 to 0.08 gpm/ft 2 . Analysis of the data as a function of time and post-test investigation suggest the 0.1-micron filter disk, specifically the permeate February 2003 carrier, deteriorated over the course of the experiments. We believe the flow path created by the polypropylene permeate carrier became successively constricted during the experiments, due to a combination of radiation effects and heat, causing inconsistencies in performance. Hence, these experiments resulted in a low bias for the performance of the equipment. We corrected this design flaw for the 0.5-micron filter testing by replacing the polypropylene mesh with an all-stainless-steel mesh.
A significantly higher flux rate occurred for the 0.5-micron rotary filter versus the 0.1-micron rotary filter. Testing with the 0.5-micron rotary filter gave filtration rates ranging from 0.26 to 0.76 gpm/ft 2 for MST and 0.32 to 1.06 gpm/ft 2 for permanganate. This improvement is an increase in flux of 6 to 10 times over the 0.5-micron cross-flow filter for either MST or sodium permanganate.
Treatment with MST followed by rotary filtration produced a strontium DF of 3 to 5, but the samples did not meet the design specification value. We identified several potential contributors for the failure to obtain the strontium DF. Among these are that the feed was not equilibrated, filter breakthrough, MST batch variability, MST particle attrition and sludge attrition. We believe the most likely contributor to the strontium results involved the attrition of the sludge. This attrition would release additional strontium originally bound in the sludge. The slow kinetics of the MST would require additional time to absorb the freed strontium.
For the treatment with MST, we measured a DF of 3 to 6 for plutonium even with the initial concentration less than the design specification. The DF for uranium equaled 0.7 to 2.0. For the neptunium we measured a DF of 4 to 8, even though it initially met the design specification.
For permanganate, treatment produced a DF for strontium greater than 40 and a concentration after treatment in all samples of less than the design specification value. The plutonium was initially less than the design specification, but we measured a DF of 2 to 4. The DF for uranium equaled 1.2 to 1.4. We measured a DF of 4 to 7 for the neptunium concentration. The neptunium concentration initially met the design specification.
We did not encounter any notable mechanical problems while testing the feed solutions incorporating MST using either simulated or actual waste. We experienced pumping problems with the actual waste testing incorporating the permanganate solution. These problems included a plugged pump suction line during higher solids testing. We observed one slug of solids passing through the piping system that eventually cleared.
